Acetal based deep UV resists, AZ® DX series, are high performance, positive tone deep UV resists consisting of poly(3-methyl,4-hydroxystyrene-co-4-hydroxystyrene) matrix resin, poly(N,0-acetal) dissolution inhibitor, bis(arylsulfonyl) diazomethane photoacid generator and a photobase to stabilize the latent acid image. The resist can lineate structures between 0.35 and 0.25 µm using KrF laser (248 nm) source. In the present paper, the background for the selection of current components and the function of the photobase is presented. Finally, the lithographic properties of the acetal based resist, AZ® DX 46 is presented, demonstrating the usefulness of the resist for 64 and 256 Mbit DRAM manufacturing.
secondary interactions such as hydrogen bonding between the acid labile inhibitor and the hydroxyl groups of PHS. As examples of acid labile inhibitors poly(0,0-acetals) [4] or poly(N,0-acetals) [5] are well known and other compounds such as tertiary butoxycarbonyl-or tetrahydropyranylprotected phenols and bisphenols are also being used. Since a photoacid generator is also used for imaging purposes, such systems are often called as three component system. The three component system using the phenolic matrix resin and polyacetal as dissolution inhibitor and a photoacid generator is unique in that the acid decomposed products from acetal also enhances the dissolution rate after the exposure thereby increasing the contrast. (Fig. 1) The sensitivity of both 1) protection type and 2) inhibition type are high due to the chemical amplification or catalytic use of the photo generated acid. Neither system is immune to the problems of chemical amplification resists especially critical dimension changes (line width slimming) and insoluble top layer formation (T-top) with the lithography process delays especially between exposure and post-exposure bake temperatures [6] [7] . The present paper describes progress in the acetal based deep UV resists. Emphasis is given on the chemistry of resist components as well as the problems associated with chemical amplification.
Finally a delay time stable resist material with resolution capability down to 0.23 µm useful for design of 64 and 256 Mbit chip is presented.
Selection of the Matrix resin
Absorption restrictions excludes the possibility of using novolak resins for deep UV resist purposes. And the next class of aqueous alkaline soluble, thermal and dry etch resistant polymer , poly(4-hydroxyphenol), fortunately possesses a low absorption (0.14 per micron film thickness at 248 nm) window in the deep UV range (240 to 260 nm)and therefore is much useful in deep UV resist applications. PHS itself has a dissolution rate of more than 20,000 nm/min, in 0.27 N tetramethylammonium hydroxide (TMAH). At first attempts were made to use PHS in combination with polyacetal as an inhibitor. The patterns obtained had rough surface with insoluble residues (scum) probably due to the high dissolution rate of the polymer in the 0.27 N TMAH developer and compatibility problems resulting a non-uniform development. It is necessary to increase the hydrophobicity of the polymer and therefore a search was made for suitable matrix resins with the primary emphasis being on the reduction of the dissolution rates.
Two approaches were made to identify a suitable matrix resin. 1) Introduction of alkyl substituents in to 4-hydroxystyrene [8] 2) copolymerization of 4-acetoxystyrene with other comonomers [9] . Brief summary of the results of these two approaches are as follows: There is also a tremendous effect on the dissolution rate when the position of hydroxyl group is changed. For instance, poly(3-hydroxystyrene) has a dissolution rate of 6,000 nmlmin and poly(2-hydroxystyrene) has near zero dissolution rate per min. The reason for this difference has been described based on the ease of intramolecular interactions in case of poly(2-hydroxystyrene) [8] .
Based on these studies, 3-methyl, 4-hydroxystyrene was selected as a candidate monomer to copolymerize with 4-hydroxystyrene to control the dissolution rates.
Another approach to control the dissolution rate of poly(4-hydroxystyrene) is by the copolymerization of less polar monomers than 4-hydroxystyrene. Several monomers were tried and among them, styrene was found to be effective from copolymerization point of view. A number of copolymers [P(HS-S)] with a styrene content of 5, 10, 15, 20, 25 and 30 mol % were prepared by the free radical copolymerization of 4-acetoxystyrene and styrene followed by hydrolysis to eliminate the acetoxy group. Dissolution rates of the styrene copolymers were studied using the dissolution rate monitor in a 0.27 N TMAH aqueous solution [9] (Fig. 2) . on the dissolution rate studies a styrene content of up to 20 mol % can be used for resist applications in an acetal based three-component system. As the amount of styrene comonomer increased, the absorption at 248 nm decreases.
The lithographic performance of poly(3-methyl,4-hydroxystyrene-co-4-hydroxystyrene) and poly(4-hydroxystyrene-co-styrene) will be discussed in section 6.
Selection of the Dissolution Inhibitor
A number of acetals were screened for deep UV resist applications [5] .
Conventional 0, 0-acetals useful in novolak based materials were not capable of inhibiting poly(4-hydroxystyrene). These monomeric acetals when blended with PHS resulted in dark erosions of more than 100 nm. Switching to bis(acetals) did improve the inhibition capabilities but the dissolution promotion effect was poor due to inadequate reaction kinetics and formation of cleavage products with low hydrophilicity. During the course of the investigation, it was found that the use of certain oligomeric N, 0-acetals shown in figure 3 provides the necessary inhibition as well as promotion in combination with the aforementioned poly(3-methyl, 4-hydroxystyreneco-4-hydroxy styrene) or poly(4-hydroxystyrene-co-styrene). The inhibition and promotion effects of these polyacetals can be varied by changing the molecular weights as well as the substituents.
As they are completely transparent in the deep UV range, there is no disadvantage with respect to the amount needed to be added. Three polyacetals with hydrogen (A-1), methyl (A-2) and ethyl (A-3) substituents are compared here to illustrate the influence of these substituents on the dissolution properties (Fig.   3 ). Blend solutions of poly(3-methyl-4-hydroxystyrene-co-4-hydroxystyrene) with identical composition and polyacetals using a matrix resin to polyacetal ratio of 8 to 2, were prepared to compare the inhibition capabilities in a 0.27 N TMAH solution. The dark erosions of the films of these blends were 90, 16 & 16 nm, respectively for polyacetals A-i, A-2, and A-3. The inhibition and promotion effects of these polyacetals were also studied using dissolution rate monitor (DRM). The dissolution rate curves are shown in figure 4 . The dissolution promotion effects of A-i and A-2 upon light exposure were found to be identical where as A-3 has a relatively poor promotion effect which is explained based on the poor promotion capabilities of the long alkyl alcohol cleavage products from polyacetal A-2 [9] . 
Selection of the Photoacid Generator
Diazomethane, onium and other non-ionic type photoacid generators were studied to check the influence of photoacid generators on the performance in a three component system. The optimum process conditions varies for each type of PAG, but the lithographic performance such as ultimate resolution and pattern profiles were found to be unaffected. However, the delay time effects were found to be influenced more by the nature of the acid produced upon exposure. For instance, a bulky and weaker acid has an advantage in improving the delay time effects after exposure such as line width slimming.
Process Time Delay Problems and Photobase Concept
The problems associated with process delays in the chemically amplified resist systems such as line width changes and T-top formation and the possible reasons are well documented in the literature [6] [7] [10] [11] [12] [13] . It is understood that the acid migration as well as the acid loss in the resist surface are causes for the line width slimming and T-top formation after exposure. Use of overcoat materials [14] , charcoal filtering of clean room air to eliminate amine or basic impurities [6] , use of in-line processing are some of the preventive measures that are being proposed. But this would be an additional step or investment for the end user and it is best to prevent these problems by a chemical means with in the resist.
Use of photoacid generators which can produce bulky and weak acid does circumvent the above mentioned problems to some extent but they do not seem to satisfy fully. Hoechst researchers [13] proposed use of a photobase concept utilizing on the following principle in the acetal based system (Fig. 5) .
The photobase is added as an additional component in the formulation. As the photobase is sensitive to deep UV light, it is effectively neutralized by photo decomposition in the exposed regions and at the same time acid is produced from the photoacid generator. Due to this reason there is a slight sensitivity loss. In the unexposed regions the photobase remains intact. The diffusing acid is neutralized at the exposed/unexposed interface thereby improving the delay time stability. Currently, no diffusion of the photobase in to the exposed areas are observed. But the reactivity and concentration of the photobase in the resist seem to be the critical parameters. By the selection of suitable photobase and optimization, it is possible to improve the problems associated with delay time. More details are provided in reference [13] . Formulations can also be made using any other matrix resin which has similar dissolution rate to that of poly(3-methyl,4-hydroxystyrene-co-4-hydroxystyrene and compatibility to the poly(N,0-acetal) inhibitor. For instance formulation containing poly(4-hydroxystyrene-costYrene), (AZ® DX 298), whose dissolution rate has been adjusted by tuning the styrene content show similar lithographic properties to that of poly(3-methyl,4-hydroxystyrene-co-4-hydroxystyrene) copolymers (Fig. 7) 469 The etch selectivity of the acetal based resist AZ® DX 46 has also been tested and found to be 2.7:1. The L/S variation to PEB is 0.013µm. Thus the acetal based resist system is a high performing resist, and is a good candidate for use in producing 64 and 256 Mbit chips. More details about the performance are provided in reference [9, 13 & 15] .
Summary and Conclusions
A brief description on the development of acetal based, chemically amplified deep UV resist has been given. It is demonstrated that the acetal based system offers flexibility in selecting a variety of matrix resins, inhibitors and acid generators and has potential to improve the performance. Finally, the lithographic properties of a high performance resist suitable for 64 and 256 Mbit chip production is described.
